Both acute and chronic brain damages are caused by a wide range of di erent disorders such as stroke, trauma, or neurodegenerative processes, most of them including the progressive loss of structure and/or function of the neurons involved [1] . Many neurodegenerative diseases, including Parkinson's disease, Alzheimer's disease, and Huntington's disease, occur as a result of a variety of devastating processes, which can a ect numerous di erent functions of neuronal circuitries, ranging from the molecular level to the behavioral and physiological ones.
Learning and memory de cits in neurodegenerative diseases
Both acute and chronic brain damages are caused by a wide range of di erent disorders such as stroke, trauma, or neurodegenerative processes, most of them including the progressive loss of structure and/or function of the neurons involved [1] . Many neurodegenerative diseases, including Parkinson's disease, Alzheimer's disease, and Huntington's disease, occur as a result of a variety of devastating processes, which can a ect numerous di erent functions of neuronal circuitries, ranging from the molecular level to the behavioral and physiological ones.
With advancing research, many similarities have appeared these disorders, mainly at the subcellular level [2] . However, it has been observed that the same neural systems can be di erently a ected in individuals of the same age [2] .
Memory impairment is widely accepted as being one of the most-common complaints a ecting patients with neurodegenerative diseases [3, 4] . Memory includes three neural information processes (encoding, storage, and retrieval) and it is the basic mechanism for learning, by which the nervous system adapts to environmental constraints by generating new adaptive behaviors. The investigation of human memory in neurodegenerative disorders suggests that the interaction of networks subserving episodic, semantic, and working memories contributes to the fundamental homeostatic processes of retrieval and learning. Among other neural structures, the hippocampus has been widely used as a model structure for the study of di erent cortical functions (learning, memory, emotion, motivation, etc.) and, in general, of many different types of plastic neural mechanism. Therefore, the hippocampal formation is identi ed as an excellent experimental subject for the study of the changes in strength that take place at the synaptic level during a wide variety of learning and memory tasks, as well as in speci c clinical disorders [5] .
Some of the above-mentioned aspects have been deeply studied in rodent models.
For example, naturally aging mice show clear impairments in both associative learning and synaptic plasticity. Indeed, it has been reported that 18-month-old mice are unable to acquire conditioned eyeblinks in a hippocampaldependent trace paradigm, whereas 3-monthold animals acquire this associative learning normally [6] . Interestingly, identical results These results are similar to those collected from humans [2] . Thus, it seems evident that factors besides plaque deposits are involved in the functional deficits observed in aged wild-type and transgenic (APP and/or PS1) mice [6, 7] .
Division of Neurosciences
Aging studies can also provide some unexpected data. A recently published study [8] 
Synaptic plasticity
The term synaptic plasticity was introduced by
Jerzy Kornoski in 1948 to describe changes in the synaptic strength of preexisting synapses evoked by the acquisition of new motor or cognitive abilities. Many neuroscientists (included the neurohistologist Santiago Ramon y Cajal) had already proposed these changes in synaptic e cacy as the mechanism underlying information storage in the brain [5] .
This proposal was well accepted, and one of the most-basic assumptions of contemporary neuroscience is that newly acquired learning capabilities are registered and stored in the brain in the form of functional (and/ or structural) changes in synaptic efficiency [9] [10] [11] [12] . Given the number of functions ascribed to synaptic plasticity, it can be assumed that more than one mechanism will be needed to explain it. A further proposal is that all excitatory synapses in the mammalian brain simultaneously express di erent forms of synaptic plasticity [13] .
There are many excellent studies on the subcellular and molecular events underlying learning-dependent synaptic changes in animals, as well as on the electrophysiological (in vitro) processes feasibly related to learning and memory phenomena generated in vivo [10, [14] [15] [16] . For many years, however, not much information was available regarding synaptic functional events taking place during the learning process in alert behaving animals.
This experimental limitation was an important drawback for the proper understanding of functional neural states supporting the acquisition of new motor and/or cognitive abilities in humans [12, 17] . A significant change began with the availability of new data on synaptic plasticity mechanisms collected during learning and memory tasks in alert behaving rodents in three di erent laboratories [18] [19] [20] .
These three important contributions to the better understanding of neuronal mechanisms taking place during actual learning were mentioned in Science Journal's list of the top ten breakthroughs of the year 2006.
Synaptic plasticity induced experimentally
There is broad agreement that long-term potentiation (LTP) is the leading candidate to be the neural mechanism underlying memory processes [11, 13, 14, 16, 21] . of baseline values, and this potentiation is sustained for several days (for methodological details, see [18, 22, 23] ).
Synaptic plasticity induced by learning
When LTP was proposed as the most plausible mechanism for memory storage, the 
Long-term potentiation can occlude associative learning and concomitant changes in synaptic strength
If we assume, from the previously explained data, that the hippocampal CA3-CA1 synapse is functionally related to associative learning using classical conditioning paradigms, it can be hypothesized that any experimental procedure capable of disturbing hippocampal patterns of synaptic activities should be enough to prevent such a cognitive process.
The assumption is that the huge wave of plasticity generated experimentally by an LTP protocol would interfere with the activation of hippocampal memory networks during actual learning. Indeed, humans with hippocampal lesions present both anterograde
and (immediate) retrograde amnesia, and it
has been shown in rats that spatial learning is prevented when saturating LTP is evoked in the perforant pathway or when evoked by the repeated stimulation of a large number of hippocampal synaptic contacts [30] . Finally, LTP evoked at the hippocampus is more evident for the acquisition of new learning skills and in recently acquired knowledge than for remote memory retrieval [31] .
Some experiments carried out in our laboratory have addressed the above issue [18] . To start with, after LTP induction, the amount of eyelid conditioned responses using a trace paradigm decreases to ~40%
independently of the phase in which the HFS is applied, meaning that this type of associative learning is dependent on the functional state of hippocampal circuits ( Figure 2B ). The capability of remembering during retrieval sessions is lower in the group that received an HFS protocol on the testing day than in mice that received the same stimulation, but 7 days before two retrieval sessions. According to these results, it seems that recent memories become somewhat more labile when retrieved.
Perhaps the hippocampus is not necessary after memory consolidation, or it is not required in the same way [18, 21, 31] . Other neural circuits are also supporting similar behaviors, protecting the animal's survival.
In contrast, classical eyeblink conditioning is an almost automatic activity, not relevant for mouse survival and much more constrained to the pairs of stimuli presented.
Taking all these data together, a pertinent question is whether LTP is the underlying neural mechanism for memory storage and learning formation or, to the contrary, just an experimental phenomenon that produces some neural e ects resembling those processes. Some recent evidence would suggest the second hypothesis as the more correct one [22, 28] .
Synaptic plasticity in mouse models of neurodegenerative diseases
Recent e orts have been addressed to taking advantage of genetically manipulated mice, which are a ected at di erent stages of the learning and memory process. Many of these mice are accurate models of human neurodegenerative diseases [6, 33] . In this 
